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ABSTRACT 
  
       The objective of this research is to determine the effect of  Silica 
Fume (SF) and ground granulated blast- furnace slag (GGBS) 
Incorporating  Super plasticizers on Concrete properties . 
The experimental  program was divided in two phases: 
First phase : preliminary studies on basic materials and the effect of 
recommended doses of admixtures on the properties of fresh and 
hardened concrete. 
Second phase: concrete testing program which contains four mixes: 
• Ordinary reference mix. 
• Two mixes with admixtures silica fume (SF) (5% & 7%) and 
Super plasticizers (dosage 1.3litter/100 kg cement). 
• One mix with admixtures ground granulated blast- furnace slag 
(GGBS)(50%) and Super plasticizers (dosage 1.3litter/100 kg 
cement). 
The results of preliminary tests were carried out to ensure that the main 
constituents of concrete were adequate and conforming with the 
requirements of the standards . 
The results of second phase were studied and analysed as follow: 
• The research indicated that the replacement of Portland cement by 
silica fume admixture (5% & 7%) increase the compressive 
strength of concrete, especially at the early age of concrete.  
• The Research indicated that the use of silica fume in concrete 
decrease the permeability of concrete and greater waterproofness 
obtained. 
 
 
IV 
 
 
 
• The research indicated that the replacement of Portland cement by 
          ground granulated blast- furnace slag  (GGBS) admixture (50%)     
         demonstrated that the early (3-7days) strength of GGBS concrete is   
          significantly lower than that of OPC concrete, and that the 28-day   
          strength was very similar to that of OPC concrete . 
• The Research indicated that the use of ground granulated blast- 
furnace slag (GGBS) admixture in concrete decrease the 
permeability of concrete and greater waterproofness obtained. 
Research results confirming that the use of silica fume (SF)  and ground 
granulated blast- furnace slag (GGBS)  with available material in Sudan 
are adequate to produce high grade concrete. 
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  ﻼﺻﺔـــــــاﻟﺨ
  
   اﻟﻤﻴﻜﺮوﺳѧﻴﻠﻴﻜﺎ   ﻣѧﺎدﺗﻲ  ﺗﺄﺛﻴﺮ اﺳﺘﺨﺪام هﻮ ﺗﺤﺪﻳﺪ   اﻟﺒﺤﺚ  هﺬا هﺪفإن                    
  .ﻟﺨﺮﺳﺎﻧﺔا ﻋﻠﻰ ﺧﻮاص  ( PS)ﻣﻊ إﺿﺎﻓﺔ اﻟﻤﻠﺪن  (SBGG)و
  -:ﺑﺮﻧﺎﻣﺞ اﻻﺧﺘﺒﺎرات ﺗﻢ ﺗﻘﺴﻴﻤﻪ إﻟﻰ ﻗﺴﻤﻴﻦ 
ﻨѧѧﺎﻋﻢ واﻟﺮآѧѧﺎم اﻟﺮآѧѧﺎم اﻟ، اﻻﺳѧѧﻤﻨﺖ)اﻻﺧﺘﺒѧѧﺎرات اﻷوﻟﻴѧѧﺔ ﻋﻠѧѧﻰ اﻟﻤѧѧﻮاد اﻷﺳﺎﺳѧѧﻴﺔ : أوًﻻ
( ﺣﺴﺐ اﻟﺠﺮﻋѧﺔ اﻟﻤﻮﺻѧﻰ ﺑﻬѧﺎ )وآﺬﻟﻚ اﺧﺘﻴﺎر اﻟﺠﺮﻋﺔ اﻟﻤﻨﺎﺳﺒﺔ ﻣﻦ اﻹﺿﺎﻓﺎت ( اﻟﺨﺸﻦ
  -: وهﻰﺔﺗﻢ ﻋﻤﻞ ﺑﺮﻧﺎﻣﺞ اﺧﺘﺒﺎرات اﻟﺨﺮﺳﺎﻧﺔ وذﻟﻚ ﻷرﺑﻌﺔ ﺧﻠﻄﺎت ﺧﺮﺳﺎ ﻧﻴ: ﺛﺎﻧﻴًﺎ
 .اﻟﺨﻠﻄﺔ اﻟﻤﺮﺟﻌﻴﺔ •
 001/ ﻟﺘѧﺮ 3.1 ) واﻟﻤﻠѧﺪن  )%7 & %5(ﻣﻀﺎف اﻟﻴﻜﺮوﺳﻴﻠﻴﻜﺎﺧﻠﻄﺘﻴﻦ ﺑﺎﺳﺘﺨﺪام  •
 (.آﺠﻢ  اﺳﻤﻨﺖ
 001/ ﻟﺘѧﺮ3.1)واﻟﻤﻠѧﺪن ( %05( )SBGG) واﺣѧﺪة ﺑﺎﺳѧﺘﺨﺪام ﻣѧﻀﺎف ﺧﻠﻄѧﺔ •
 (.آﺠﻢ  اﺳﻤﻨﺖ
ﺗﻢ ﺗﻨﻔﻴѧﺬ ﺑﺮﻧѧﺎﻣﺞ اﻻﺧﺘﺒѧﺎرات ﻓѧﻲ اﻟﻘѧﺴﻢ اﻷول ﻟﻠﺘﺄآѧﺪ ﻣѧﻦ أن اﻟﻤѧﻮاد اﻟﻤﻜﻮﻧѧﺔ ﻟﻠﺨﺮﺳѧﺎﻧﺔ 
  .ﻣﻼﺋﻤﺔ وﻣﻄﺎﺑﻘﺔ ﻟﻠﻤﺘﻄﻠﺒﺎت اﻟﻘﻴﺎﺳﻴﺔ
  -: آﺎﻻﺗﻰ ﻧﺘﺎﺋﺞ اﺧﺘﺒﺎرات اﻟﻘﺴﻢ اﻟﺜﺎﻧﻲ ﺗﻤﺖ دراﺳﺘﻬﺎ وﺗﺤﻠﻴﻠﻬﺎ وهﻰ
أن إﺣﻼل اﻻﺳﻤﻨﺖ ﺑﻤﺎدة اﻟﻤﻴﻜﺮوﺳﻴﻠﻴﻜﺎ آﻤﺎدة ﻣﻀﺎﻓﺔ  ﻳﺰﻳﺪ ﻣѧﻦ  اﻟﺒﺤﺚ أوﺿﺢ •
  ﻋﻠѧﻰ   وﻧﺘﻴﺠѧﺔ ﻟѧﺬﻟﻚ ﺗѧﻢ اﻟﺤѧﺼﻮل اﻷوﻟѧﻰ اﻷﻳѧﺎم ﻓѧﻲوﺧﺎﺻѧﺔ ، ﻗѧﻮة اﻟﺨﺮﺳѧﺎﻧﺔ 
 . ﻋﻤﺮ ﻣﺒﻜﺮ ﻓﻲآﺒﻴﺮة ﻟﻠﺨﺮﺳﺎﻧﺔ ﺧﺎﺻًﺔﻣﻘﺎوﻣﺔ 
 ﻧѧﺴﺒﺔ  ﻓﻲ اﻟﺨﺮﺳﺎﻧﺔ ﻳﻘﻠﻞ ﻧﻔﺎذﻳﺘﻬﺎ أوﺿﺢ اﻟﺒﺤﺚ أن اﺳﺘﺨﺪام ﻣﺎدة اﻟﻤﻴﻜﺮوﺳﻴﻠﻴﻜﺎ  •
ﺤﻲ اﻟﻜﺒﻴѧѧﺮ وذﻟѧѧﻚ ﻟﻨﻌﻮﻣѧѧﺔ اﻟﻤѧѧﺎدة اﻟﺘѧѧﻲ ﺗﻔѧѧﻮق ﻧﻌﻮﻣѧѧﺔ ﻟﻌﺎﻣѧѧﻞ اﻻﻣﺘѧѧﺼﺎص اﻟѧѧﺴﻄ 
 .اﻻﺳﻤﻨﺖ 
  
 IV
 
 
 أنآﻤѧﺎدة ﻣѧﻀﺎﻓﺔ  ﻳﻈﻬѧﺮ ( SBGG)أوﺿﺢ اﻟﺒﺤﺚ أن إﺣѧﻼل اﻻﺳѧﻤﻨﺖ ﺑﻤѧﺎدة  •
اﻗѧﻞ ﻣѧﻦ ﻣﻘﺎوﻣѧﺔ اﻟﺨﺮﺳѧﺎﻧﺔ اﻟﺘѧﻲ (   أﻳﺎم 7 -3)ﻣﻘﺎوﻣﺔ اﻟﺨﺮﺳﺎﻧﺔ ﻓﻲ ﻋﻤﺮ ﻣﺒﻜﺮ 
 ﻳﻮم ﺗﻜﻮن ﻣﻘﺎوﻣﺔ اﻟﺨﺮﺳﺎﻧﺔ اﻟﺘﻲ ﺗﺤﺘѧﻮى 82 وﺑﻌﺪ ،ﺗﺤﺘﻮى ﻋﻠﻰ اﻻﺳﻤﻨﺖ ﻓﻘﻂ 
   .ﻣﺴﺎوﻳﺔ ﻟﻤﻘﺎوﻣﺔ اﻟﺨﺮﺳﺎﻧﺔ اﻟﺘﻲ ﺗﺤﺘﻮى ﻋﻠﻰ اﻻﺳﻤﻨﺖ ﻓﻘﻂ ( SBGG)ﻠﻰ ﻋ
 ﻧѧﺴﺒﺔ  ﻓѧﻲ اﻟﺨﺮﺳѧﺎﻧﺔ ﻳﻘﻠѧﻞ ﻧﻔﺎذﻳﺘﻬѧﺎ (SBGG)أوﺿѧﺢ اﻟﺒﺤѧﺚ أن اﺳѧﺘﺨﺪام ﻣѧﺎدة  •
ﻟﻌﺎﻣѧѧﻞ اﻻﻣﺘѧѧﺼﺎص اﻟѧѧﺴﻄﺤﻲ اﻟﻜﺒﻴѧѧﺮ وذﻟѧѧﻚ ﻟﻨﻌﻮﻣѧѧﺔ اﻟﻤѧѧﺎدة اﻟﺘѧѧﻲ ﺗﻔѧѧﻮق ﻧﻌﻮﻣѧѧﺔ 
  .اﻻﺳﻤﻨﺖ 
ﻣѧﻊ اﻟﻤѧﻮاد اﻟﻤﺘﺎﺣѧﺔ ﻓѧﻲ  (SBGG)أآﺪت ﻧﺘﺎﺋﺞ اﻟﺒﺤﺚ إن اﺳﺘﻌﻤﺎل اﻟﻤﻴﻜﺮوﺳﻴﻠﻴﻜﺎ وال 
  .   اﻟﻤﻘﺎوﻣﺔاﻟﺴﻮدان ﻣﻨﺎﺳﺒﺔ ﻹﻧﺘﺎج ﺧﺮﺳﺎﻧﺔ ﻋﺎﻟﻴﺔ 
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Chapter one  
Introduction 
  
1-1 General about concrete: 
 Concrete is a composite product produced by mixing cement, 
aggregates and water and sometimes admixture if needed, under-goes a 
number of operations such as handling, placing and curing. Inspection 
and control at all stages of procurement of raw materials to the 
development of finish product contributes to the uniformity of concrete. 
 Concrete has occupied an important place among construction 
materials and is widely used in all types of civil engineering structures 
ranging from a small building to heavy structures, ever since concrete has 
been accepted as a material. 
 Engineers have been trying to improve its quality, strength, 
durability … etc, against adverse conditions. The aim of the engineers is 
to make the concrete not only ever lasting but also an economical 
material of construction in comparison to other material as such as steel 
as timber. The 20th century has been truly described as the concrete age 
since all over the world, concrete – either plain, reinforced or pre stressed 
– has been advancing with tremendous strides, replacing all the time – 
honored construction materials. 
 Concrete consists of four ingredients which can be classified in to 
two groups. Active group and inactive group. The active group consists 
of water and cement. And the inactive group consists of fine and coarse 
aggregates. 
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1-2 Concrete as construction material has following 
advantages:  
1- Concrete is economical material has the long run as compared to          
other constructure materials. It can be made from  locally available coarse 
and fine aggregates.          
2-   Concrete possesses a high compressive strength, and the corrosive   
       and weathering effects are minimal. When properly prepared its 
       strength is similar to that of a hard natural stone.    
3-    The green concrete can be easily handled and moulded into any 
      shape or size according to specifications. The formwork can be 
       reused number of times for similar jobs resulting in economy . 
4-   It is strong in compression and has unlimited structural 
applications in combination with steel reinforcement. The concrete and 
steel have approximately equal coefficients of thermal expansion. The 
concrete is extensively used in the construction of foundation, walls, 
roads, airfields, buildings, water retaining structures, decks and 
harboures, dams, bunkers and silos, etc.       
5-   Concrete can even be sprayed on and filled into fine cracks for repairs 
by the guiding process.          
6-   The concrete can be pumped and hence it can be laid in the difficult 
 position also.           
7-   It’s durable and fire resistant and requires very little maintenance. 
 
1-2-1 The disadvantage of concrete can be as follows: 
1-   Concrete has low tensile strength and can be hence cracked easily in 
tension.  Therefore, concrete is to be reinforced with steel bars or meshes. 
2-   Fresh concrete shrinks on drying and hardened concrete expands      
on wetting. Provision for contraction joints has to be made to avoid the 
development of cracks due to drying shrinkage and moisture movement.       
4 
 
3-    Concrete expands and contracts with the change in temperature. 
Hence expansion joints have to be provided to avoid the formation           
of cracks due to thermal movement. 
4-  Concrete under sustained loading undergoes creep resulting reduction 
of pre stressed concrete construction.                                                               
 
1-3 Compressive strength: 
 The compressive strength is defined as the maximum strength 
reached in a compression test on standard specimen [1]. 
1-4 Admixtures: 
 
                Admixture is material other than water, aggregates and cement 
added to mixture before or during its mixing to modify its freshly mixed, 
setting, or hardened properties. These properties may be modified to 
increase compressive and flexural strength at all ages, decrease 
permeability and improve durability there are two types of admixture. 
 
1-4-1 Mineral Admixtures: 
• Fly Ash (FA) 
• Ground Granulated Blast-Furnace Slag (GGBS) 
• Silica Fume or micro silica (SF) 
1-4-2 Chemical Admixtures: 
        
• Retarding Admixtures. 
• Water-Reducing Admixtures. 
• High-Range, Water-Reducing Admixtures. 
• Accelerating Admixtures. 
• Air-Entraining Admixtures. 
• Antifreezing Admixtures. 
• Antiwashout Admixtures. 
 
5 
 
 The reasons for the use of admixtures are outlined by the 
following functions that they perform: 
•    Increase workability without increasing water content or decrease the   
     water content at the same workability. 
•    Retard or accelerate time of initial setting. 
•    Reduce or prevent shrinkage or create slight expansion. 
•    Modify the rate or capacity for bleeding. 
•   Reduce segregation. 
•   Improve pumpability. 
•   Reduce rate of slump loss. 
•   Retard or reduce heat evolution during early hardening. 
•   Accelerate the rate of strength development at early ages. 
•   Increase strength (compressive, tensile, or flexural). 
•   Increase durability or resistance to severe conditions of exposure,         
    including application of deicing salts and other chemicals. 
•   Decrease permeability of concrete. 
•   Control expansion caused by the reaction of alkalies with potentially    
      reactive aggregate constituents. 
•   Increase bond of concrete to steel reinforcement. 
•   Increase bond between existing and new concrete. 
•   Improve impact and abrasion resistance. 
•   Inhibit corrosion of embedded metal. 
•    Produce colored concrete or mortar [2]. 
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1.5 Objectives: 
         The objectives of this thesis are: 
1- To develop concrete mix and study the effect of silica fume (SF) and 
ground granulated blast furnace slag (GGBS) between matrixes which 
consist of ordinary Portland cement with gradually added percentage of 
silica fume (SF) and ground granulated blast furnace (GGBS). 
2- To develop concrete early age strength. 
3- To test the concrete mix for compressive strength and Absorption, 
study on permeability by initial surface absorption test. 
 This study by using the local available materials with most 
optimum amount of cement. The produced concrete should satisfy the 
requirements of strength , durability and workability. 
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1.6 Methodology: 
 The study consisted of a laboratory evaluation of the effect of micro 
silica and GGBS on the properties of both fresh and hardened Portland 
cement concrete. The variable selected for evaluation is the dosage rate of 
micro silica and GGBS. In this study the experimental program as follow: 
1- Measuring the compressive strength and Absorption  for 
unmodified mixes. 
2- Measuring the compressive strength and Absorption for modified 
mixes  containing different dosage rate of micro silica   
Incorporating Super plasticizers. 
3- Measuring the compressive strength and Absorption for modified 
mixes containing dosage  of GGBS Incorporating Super- 
plasticizers. 
4- Measuring the workability (slump test) for each mixtures 
(modified & unmodified). 
5- Analyzing the results and recording notifications.     
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Chapter Two 
Literature Review  
  
2- Introduction :        
 2-1 Supplementary cementing materials:    
 
The materials for making concrete consist of a cementitious binder 
aggregates, water and in most cases with ready mixed concrete, one or 
more types in chemical admixtures. today the cementitious binder such as 
Ordinary Portland Cement or Sulphate Resisting Portland Cement is often 
blended with either or ground granulated blastfurnace slag. In general, 
pulverized fuel up to 30% and ground granulated blastfurnace slag up to 
70% with the balance made up of are used depending on the intended 
applications. 
Within the past decade, silica fume has been introduced in addition 
to the other mineral admixtures to improve the performance of concrete. 
These mineral admixtures are chemicals that provide cementitious gel 
similar to those produced by the hydration of Ordinary Portland Cement. 
Hence they are often called supplementary cementing materials [3]. 
In recent years [4] the using of pozzolanic materials and slagas 
replacement for cement in concrete has become more and more 
widespread throughout the world. Particularly, in countries where such 
materials are produced as by-products of industry, such usage has the 
added value of providing a partial solution to the problem of disposal of 
such materials. In the following sections, discussions on these 
supplementary cementing materials will be confined to, silica fume and 
ground granulated blastfurnace slag. They are used together with ordinary 
portland cement which provides the calcium hydroxide needed for the 
10 
 
pozzolanic reaction. Others supplementary such as natural pozzolans and 
non-ferrous slags will not be included in this study. 
2-2 What is Ground Granulated Blast-furnace Slag (GGBS): 
Ground granulated blast-furnace slag (GGBS) is a by-product in 
the manufacture of pig iron and the amounts of iron and slag obtained of 
the  same order. The slag is a mixture of lime, silica and alumina, the 
same oxides that make up Portland cement, but not in the same 
proportion. The composition of blast-furnace slag is determined by that of 
the ores, fluxing stone and impurities in the coke charged in to the blast 
furnace. Typically, silica, calcium, aluminum, magnesium and oxygen 
constitute 95% or more of the blast- furnace slag. To maximize hydraulic 
(cementitious) properties, the molten slag must be chilled rapidly as it 
leaves the blast furnace. Rapid quenching or chilling minimizes 
crystallization and converts the molten slag into fine-aggregate-size 
particles generally smaller than a 4.75 mm (No 4) sieve, composed 
predominantly of glass. This product is referred to as granulated iron 
blast- furnace slag (GGBS) is obtained by finely grinding of this material. 
The hydration of the Portland cement results from the production 
of  portlandite crystal [Ca(OH)2] and amorphous calcium silica hydrate 
get [C3S2H3](C–S–H) in large amounts. hydrated cement paste involves 
approximately 70% C–S–H, 20% Ca(OH)2; 7% sulpho- aluminates and 
3% secondary phases .The [Ca(OH)2] which appears  as the result of the 
chemical reactions affect the quality of the concrete adversely by forming 
cavities as it is partly soluble in water and lacks enough strength . The use 
of ground granulated blast-furnace slag (GGBS) has a positive effect on 
binding the [Ca (OH)2] compound , which decreases the quality of the 
concrete.  
11 
 
The cementitious and pozzolanic behavior of ground granulated 
blast-furnace slag (GGBS) is essentially similar to that of high- calcium 
fly ash. At 40% and 50% cement replacement by weight [5]. 
A number of authors have studied the influence of GGBS addition 
on the properties of OPC mortars and concrete concluding that GGBS 
enhances the general performance of PC composites improving 
workability, reducing creep and drying shrinkage, raising the ultimate 
compressive strength and reducing bleeding and heat of hydration. 
The GGBS enhances concrete workability due to its surface 
properties and fineness (approximately 460 Blaine (m2/kg.min)). 
According to this author, this makes GGBS 2-3 times finer than Portland 
cement, leading to an enhanced workability and a better performance in 
bleeding and setting times. 
In relation to permeability, these authors demonstrated that GGBS 
replacement consistently decreased permeability, and that the higher the 
amount of GGBS the lower the permeability. The porosity of GGBS 
enhanced concrete is about one half and the pore size one third of that of 
a corresponding OPC sample. It has also been demonstrated that GGBS 
improves the general performance of OPC composites decreasing 
chloride diffusion and chloride ion permeability reducing creep and 
drying shrinkage, increasing sulphate resistance, enhancing the ultimate 
compressive strength and reducing the heat of hydration and bleeding. In 
relation to durability. The GGBS concrete is better at both resisting 
chloride ingress and alkali-silica reactions than OPC concrete. 
In relation to strength, it is generally accepted that GGBS raises the 
ultimate strength of OPC mortars and concrete.   The  early (3-7days) 
strength of GGBS concrete is significantly lower than that of OPC 
concrete, and that the 28-day strength was very similar to that of OPC 
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concrete and approximately the same for all GGBS replacement levels (0, 
35 and 70%) [6]. 
Table (2-1) The (GGBS ) Chemical compositions (wt %) 
Typical Chemical Composition 
Calcium oxide 40% 
Silica 35% 
Alumina 13% 
Magnesia 8% 
 
 
Table (2-2)The (GGBS) Physical properties  
Typical Physical Properties 
Colour off-white 
Specific gravity 2.9 
Bulk density 1200 kg/ m3 
Fineness >350 m2/kg 
 
 
Table (2-3  ) The  Chemical Composition of GGBS and OPC : 
 
Chemical composition %  
 
OPC  GGBS  
SiO2  
 
20.10  
 
35  
 
Al2O3  
 
4.15  
 
13 
 
Fe2O3  
 
2.50  
 
0.29  
 
CaO  
 
61.30  
 
40  
 
MgO  
 
3.13  
 
8  
 
13 
 
 
2-2-1 Ground Granulated Blast furnace Slag (GGBS) 
properties: 
        Ground granulated blast furnace slag (GGBS) hardens very slowly 
and, for use in concrete, it needs to be activated by combining it with 
Portland cement. A typical combination is 50 per cent GGBS with 50 per 
cent Portland cement, but percentages of GGBS anywhere between 20 
and 80 per cent are commonly used. The greater the percentage of GGBS, 
the greater will be the effect on concrete Properties. The setting time of 
concrete is influenced by many factors, in particular temperature and 
water/cement ratio. With GGBS, the setting time will be extended 
slightly, perhaps by about 30 minutes. The effect will be more 
pronounced at high levels of GGBS and/or low temperatures. An 
extended setting time is advantageous in that the concrete will remain 
workable longer and there will be less risk of cold joints. This is 
particularly useful in warm weather. While concretes containing GGBS 
have a similar, or slightly improved consistence to equivalent Portland 
cement concretes, fresh concrete containing GGBS tends to require less 
energy for movement. This makes it easier to place and compact, 
especially when pumping or using mechanical vibration. In addition, it 
will retain its workability for longer. 
2-2-2 Effect of (GGBS) to permeability: 
 
          The reactions between GGBS, Portland cement and water are 
complex. When Portland cement reacts with water, the insoluble 
hydration products (mainly calcium silicate hydrates) form close to the 
cement particle. The more soluble product of hydration (calcium 
hydroxide) migrates through the pore solution and precipitates as discrete 
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crystals, surrounded by large pores. When GGBS particles are also 
present, both the GGBS and Portland cement hydrate to form calcium 
silicate hydrates. Additionally, the GGBS reacts with the excess of 
calcium hydroxide to form a finely dispersed gel, which fills the larger 
pores. The result is a hardened cement paste, which contains far fewer 
calcium hydroxide crystals and therefore has fewer large capillary pores. 
The reduction in free calcium hydroxide makes concrete chemically more 
stable, and the finer pore structure limits the ability of aggressive 
chemicals to diffuse through the concrete [3]. 
The major contribution of these mineral admixtures has been 
identified to be a refinement of the pore structure of the cement matrix, 
involving the transformation of a network of large permeable pores in to 
discrete smaller and less permeable ones .The net effect is that the median 
pore size is considerably reduced in mature cement matrices when 
compared with Portland cement paste without these admixture [7].  
 
                   Fig (2-1) the effect of (GGBS)to permeability 
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2-2-3 Effect of (GGBS) to compressive strength: 
           With the same content of cementitious material (the total weight of 
Portland cement plus GGBS), similar 28-day strengths to Portland cement 
will normally be achieved when using up to 50 per cent GGBS. At higher 
GGBS percentages the cementitious content may need to be increased to 
achieve equivalent 28-day strength. GGBS concrete gains strength more 
steadily than equivalent concrete made with Portland cement. For the 
same 28-day strength, a GGBS concrete will have lower strength at early 
ages but its long-term strength will be greater. The reduction in early-
strength will be most noticeable at high GGBS levels and low 
temperatures. Typically a Portland cement concrete will achieve about 75 
per cent of its 28-day strength at seven days, with a small increase of five 
to 10 per cent between 28 and 90 days. By comparison, a 50 per cent 
GGBS concrete will typically achieve about 45 to 55 per cent of its 28-
day strength at seven days, with a gain of between 10 and 20 per cent 
from 28 to 90 days. At 70 per cent GGBS, the seven-day strength would 
be typically around 40 to 50 per cent of the 28-day strength, with a 
continued strength gain of 15 to 30 per cent from 28 to 90 days. Under 
normal circumstances, the striking times for concretes containing up to 
50% GGBS, do not increase sufficiently to significantly affect the 
construction programme. However, concretes with higher levels of GGBS 
will not always achieve sufficient strength after one day to allow removal 
of vertical formwork, particularly at lower temperatures, lower 
cementitious contents and in thinner sections [8]. 
The ground granulated blast furnace slag (GGBS) hardens very 
slowly and, for use in concrete, it needs to be activated by combining it 
with Portland cement. A typical combination is 50 per cent GGBS with 
50 per cent Portland cement, but percentages of GGBS anyway between 
20 and 80 per cent are commonly used. The greater the percentage of 
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GGBS, the greater will be the effect on concrete properties, for these 
reasons GGBS concrete gains strength more steadily than equivalent 
concrete made with Portland cement. For the same 28- days strength, a 
GGBS concrete will have lower strength at early ages but its long-term 
strength will be greater. The reduction in early-strength will be most 
noticeable at high GGBS levels and low temperatures [9]. 
 
Table (2-4) Typically the strength development:  
Strength achieved as percentage of 28-day strength 
Age 0% GGBS 50%GGBS 
7-days 75% 45 to 55% 
28-days 100% 100% 
 
 (Hogan and Meusel) [13] found that up to 3 days of age , strength 
contribution of slag to  ASTM  C  109 [14] mortars was low ; however, 
strength similar to the reference Portland cement was achieved at 7 days 
and higher strength thereafter [10]. 
             Hwang and Lin have determined compressive strength of GGBS 
mortars at different ages and at various replacement levels. They show 
that there is a maximum percentage of GGBS replacement to obtain an 
equivalent strength of the concrete mixture without GGBS [11]. 
A.Oner and S.Akyuz show that the compressive strength of concrete 
mixtures containing GGBS increases as the amount of GGBS increase. 
After an optimum point, at around 55% of the total binder content, the 
addition of GGBS dose not improve the compressive strength [12]. 
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    Fig (2-2) the effect of (GGBS) to compressive strength 
 
2-3 What is silica fume (Micro silica): 
               Silica Fume is a by-product of the smelting process in the 
production of silicon metal and ferrosilicon alloys. It has also been called 
silica   fume, microsilica, amorphous silica and other similar names. 
However, the silica fume used in concrete are those from the production 
process of silicon metal or ferrosilicon alloy containing more than 75% 
silicon [13]. 
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In general, they have: 
i)     SiO2  contents ranging from 85 to 96%. 
ii)   Amorphous structures. 
Silica fume may be obtained in its powder form, densified, or in 
slurry form mixed with 50% water by weight. Its specific gravity is about 
2.20, but its bulk density is only 200 to 300 kg per cubic meter. The 
specific surface area ranges from 15,000 to 30,000 sq. m per kg (Silica 
Fume User Manual, SFA 2005). 
Due to extreme fineness and high silica content, silica fume is a 
highly effective pozzolanic material. Silica Fume is used in concrete to 
improve its properties. It has been found that silica fume improves 
compressive strength, bond strength, and abrasion resistance, reduces 
permeability, and therefore helps in protecting reinforcing steel from 
corrosion. 
Pozzolanic reaction between and calcium hydroxide released by 
hydration of Portland cement leads to the formation of C-S-H gel. It is a 
very reactive pozzolan. Although the nature of the hydration products of 
[14] and its influence on cement hydration are not fully understood at 
present, the effect is a refinement of the pore structure when is added to 
the cementitious system.  
 
This leads to a reduction in permeability and hence the 
enhancement of the mechanical properties and durability of concrete 
containing silica fume. 
There are two main methods of using silica fume in concrete: 
(i) As a partial replacement of cement to obtain reduction in cement 
content but not economical in the local context. 
(ii) As an addition to improve concrete properties for both fresh and 
hardened concrete. 
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           Silica fume has been used as an addition to concrete up to 15 
percent by weight of cement, although the normal proportion is 7 to 10 
percent. With an addition of 15 percent, the potential exists for very 
strong and brittle concrete. It 
Increases the water demand in a concrete mix, however, dosage rates of 
less than 5 percent will not typically require a water reducer. High 
replacement rates will require the use of a high range water reducer [15]. 
Concrete incorporating more than 10% silica fume becomes sticky, 
in order to enhance workability, the initial slump should be increased. It 
has been found that silica fume reduces bleeding because of its effect on 
rheological properties [3]. 
 Table (2-5) The Chemical properties of silica fume:  
Amorphous  
Silica dioxide > 85% 
Trace elements depending upon type of fume  
Table (2-6) The Physical properties of silica fume:  
Particle size (typical)  < 1 μ m 
Bulk density : 
(As production):   130 to 340 kg /m3. 
(Densified):         480 to 720 kg /m3. 
Specific gravity    2.2 
Specific surface  15,000 to 30,000 m2/kg 
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Table (2-7) Comparison of Chemical and Physical Characteristics 
Silica Fume and Cement: 
       
Silica fume 
 
Portland cement Properties 
85 – 97 21 SiO2 Content % 
- 5 Al2O3 content % 
- 3 Fe2O3 content % 
< 1 62 CaO content % 
15,000 – 30,000 370 Fineness as surface area 
m2/kg 
2.2 3.15 Specific gravity  
Property enhancer Primary binder General use in concrete  
 
 
2-3-1 Effect of silica fume to compressive strength: 
 
          It is well recognized that silica fume can contribute 
significantly to the compressive strength development of concrete. This is 
because of the filler effect and the excellent pozzolanic properties of the 
material, which translate into a stronger transition zone at the paste–
aggregate interface. The extent to which silica fume contributes to the 
development of compressive strength depends on various factors, such as 
the percentage of silica fume, the water/cement + silica fume ratio, 
cementitious materials content, cement composition, type and dosage of 
superplasticizer, temperature, curing conditions, and age. 
            Superplasticizing admixtures play an important role in ensuring 
optimum strength development of silica-fume concrete. The water 
demand of silica-fume concrete is directly proportional to the amount of 
silica fume (used as a percentage replacement for Portland cement) if the 
slump of concrete is to be kept constant by increasing the water content 
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rather than by using a superplasticizer. In such instances, the increase in 
the strength of silica-fume concrete over that of control concrete is largely 
offset by the higher water demand, especially for high silica-fume content 
at early ages. In general, the use of superplasticizer is a prerequisite to 
achieving proper dispersion of the silica fume in concrete and fully 
utilizing the strength potential of the fume. In fact, many important 
applications of silica fume in concrete depend strictly upon its utilization 
in conjunction with super plasticizing admixtures. Silica-fume concretes 
have compressive strength development patterns that are generally 
different from those of Portland cement concretes. The strength 
development characteristics of these concretes are somewhat similar to 
those of fly-ash concrete, except that the results of the pozzolanic 
reactions of the former are evident at earlier ages.  
             This is due to the fact that silica fume is a very fine material with 
a very high amorphous silica content. The main contribution of silica 
fume to concrete strength development at normal temperatures takes 
place between the ages of about 3 and 28 days. The overall strength 
development patterns can vary according to concrete proportions and 
composition and are also affected by the curing conditions. 
Curing temperatures have also been shown to affect significantly the 
strength development of silica fume concrete. This aspect has been 
examined in some detail by several investigators in Scandinavia. In 
general, these investigations have indicated that the pozzolanic reaction 
of silica fume is very sensitive to temperature, and elevated-temperature 
curing has a greater strength-accelerating effect on silica-fume concrete 
than on comparable Portland cement concrete. 
The dosage of silica fume is obviously an important parameter 
influencing the compressive strength of silica-fume concrete. For general 
construction, the optimum dosage generally varies between 7 and 10%; 
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however, in specialized situations, up to 15% silica fume has been 
incorporated successfully in concrete [16]. 
 
   Fig (2-3) the effect of silica fume (SF) to compressive strength 
   Where C-type : is the sign specimens different dosage rate 
2-3-2  Effect of micro silica to permeability: 
The incorporation of supplementary cementing materials such as 
fly ash, slag, silica fume, and natural pozzolans in concrete results in fine 
pore structure and changes to the paste–aggregate interface, leading to a 
decrease in permeability. This decrease is much higher in concretes 
incorporating silica fume, due to its high pozzolanicity. The filler and 
pozzolanic activity of the silica fume, as well as the virtual elimination of 
bleeding, improve the interfacial zone through pore refinement.  
Bilodeau, (1989) reported that the addition of 8% silica fume 
significantly reduced the penetration of chloride ions into concrete. With 
23 
 
increasing cementitious materials content and decreasing water/ 
cementitious materials ratios, the chloride-ion penetration was reduced 
further. 
At a water/cement + silica fume ratio of 0.21 and 500 kg/m3 cement and 
40 kg/m3 silica fume, the chloride-ion penetration was found to be 196 
coulombs at 28 days, compared to 1246 C for the reference concrete. This 
reduction is primarily due to the refined pore structure and increased 
density of the matrix [17]. 
When silica fume is added to concrete, it reacts and tends to close 
the capillary pores reducing the carbonation effect, according to the 
reaction:  
Ca (OH)2 + CO2 → CaCO3 +H2O. 
The improvement in the carbonation resistance, optimum compacting of 
the concrete and greater waterproof ness obtained with the use of silica 
fume, will depend directly on the water/cement ratio used. 
Therefore and owing to the extreme fineness and large specific 
surface of silica fume in order to obtain maximum performance of the 
silica fume, the use of water reducing admixture is necessary, in specific 
quantities to insure good dipercability of the cement and the micro silica 
in the concrete, without sacrificing its workability or its optimum water 
content. 
 According to the different authors, there are various factors that 
influence carbonation speed: type of cement, environmental conditions, 
water cement ratio and microstructure of concrete. In addition to these 
factors the influence of combination of silica fume with water reducing 
admixtures of diverse chemical nature. Generally, and due to the 
reduction in the w/c ratio, the porosity of cement paste and hence the 
permeability of the corresponding concrete are reduced [18]. 
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                     Fig (2-4) the effect of silica fume (SF) to permeability 
 
           Where P-type : is the sign specimens different dosage rate 
 
2-4 Chemical admixtures: 
 
              Chemical admixtures are the ingredients in concrete other than 
Portland cement, water, and aggregate those are added to the mix 
immediately before or during mixing. Producers use admixtures primarily 
to reduce the cost of concrete construction; to modify the properties of 
hardened concrete; to ensure the quality of concrete during mixing, 
transporting, placing, and curing; and to overcome certain emergencies 
during concrete operations.  It would be difficult to produce high-strength 
concrete mixtures without using chemical admixtures. A common 
practice is to use a superplasticizer in combination with a water-reducing 
retarder. The superplasticizer gives the concrete adequate workability at 
low water-cement ratios, leading to concrete with greater strength. The 
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water-reducing retarder slows the hydration of the cement and allows 
workers more time to place the concrete. The effectiveness of an 
admixture depends on several factors including: type and amount of 
cement, water content, mixing time, slump, and temperatures of the 
concrete and air.  
Sometimes, effects similar to those achieved through the addition of 
admixtures can be achieved by altering the concrete mixture-reducing the 
water-cement ratio, adding additional cement, using a different type of 
cement, or changing the aggregate and aggregate gradation. 
 In order to sufficiently reduce the water content of the mix and 
still maintain an acceptable workability, high-range water-reducing 
agents (super plasticizers) have to be used. In addition set-retarding 
agents and air-entraining admixtures may also be needed. 
Super plasticizers are organic products or combinations of organic and 
non-organic components. They are surface active admixtures, consisting 
mostly of sulfonated salts of melamine or naphthalene formaldehyde 
condensates. Some formulations may contain set-retarding, set-
accelerating or defoaming chemicals. An accelerated super plasticizers 
may be used to compensate for retarding actions of active ingredients 
present in some super plasticizers such as modified lignosulfonates. A 
modified retarding superplasticizer can be useful in low-slump concrete 
where the fluidity loss is sharp.  
Super plasticizers are surface active agent and have water-reducing 
character. These are also known as high-range water reducers, plasticizers 
etc. This implies that it is possible to produce a concrete with lower 
water- to -cement ratio with their addition. High performance concrete 
(HPC) and high strength concrete (HSC) are generally made with high 
cementitiuos materials. It causes difficult in obtaining good workability 
and in homogeneous dispersion of the cementitiuos materials. This 
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problem can be over comed by adding more water, but this decreases the 
strength. This creates the necessity of using water-reducing admixture. 
High cementitiuos materials and low water-to-binder ratio may create 
other problems such as early age cracking , it occurs due to loss of 
workability and very quick drying at the open surface caused by the dual 
effects of lack of bleeding , and bleed the lack of bleed water to move up 
to surface .  
High heat of hydration is another major factor causing thermal 
cracking with high cement concrete. It is reported that the slag reduces 
the temperature rise during hydration. But does not give early high 
strength to the concrete. However, a combination of high range water 
reducer and fine ground slag which significantly improves the strength 
development can be a possible solution [19]. 
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Chapter Three  
Mix Design and Experimental Program 
 
3 -1 Concrete mix designs:  
         Concrete mix design can be defined as the procedure by which , for 
any given set of concrete , the proportion of the constituent materials are 
chosen so as to produce a concrete with all the required properties for the 
minimum cost. 
3-1-1 Required concrete properties: 
The basic requirements for concrete are conveniently considered at 
two stages in its life. In its hardened state (in the completed structure) 
the concrete should have adequate durability, the required strength and 
also the desired surface finish. 
In its plastic state, or the stage during which it is to be handled and 
compacted in its final form, it should be sufficiently workable for the 
required properties in its hardened state to be achieved with the facilities 
available on site. 
This means that: 
1- The concrete should be sufficiently fluid to be able to flow 
into and fill all parts of the from work, into which it is 
placed. 
2- It should do so without any segregation or separation, of the 
constituent materials while being handled from the mixer or 
during placing. 
3- It must be possible to fully compact concrete when placed in 
position. 
4- It must be possible to obtain the required surface finish. 
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If concrete does not have the required workability in its plastic state, it 
will not be possible to produce concrete with the required, properties 
in its hardened state. 
 
3-1-2 Durability:  
        Adequate durability of exposed concrete can frequently be 
obtained by ensuring full compaction, an adequate cement content and 
a low water – cement ratio, all of which contribute to producing a 
dense, impermeable concrete. 
Other factors affecting durability are:  
 
3- 1-3 Aggregate: 
Aggregates constitute about 75% of the volume of concrete, so their    
properties have a large influence on the properties of the concrete [20].  
Aggregates are granular materials, most commonly natural gravels and 
sands or crushed stone. The choice of aggregate is important particularly 
for concrete wearing surface and where improved fire resistance is 
required. Aggregate having high shrinkage properties should be used with 
caution in exposed concrete. 
Durability is not a readily measured property of the hardened concrete. 
However, for a correctly designed concrete mix any increase in the water 
–cement ratio on site, the associated reduction in durability will be 
accompanied by a reduction in concrete strength. The latter can be 
determined quite easily using control specimens and for this reason the 
emphasis in control testing is on the determination of concrete strength. 
 
3.1.4 Strength:  
          The strength of the concrete is frequently an important design 
consideration particularly in structural applications where the load 
carrying capacity of a structural member may be closely related to the 
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concrete strength. This will usually be the compressive strength 
although occasionally the flexural or indirect tensile strength may be 
more relevant. The strength requirement is generally specified in terms 
of a characteristic strength coupled with a requirement that the 
probability of the strength falling below it shall not exceed a certain 
value. An understanding of the factors affecting concrete strength on 
site, and of the probable variations in strength, is essential if such 
specifications are to have any real meaning at the mix design stage. 
      Difference in strength can also occur owing to variation in the 
quality of cement but the principal factor affecting the strength is the 
water cement ratio in the concrete mix. Once a suitable mix has been 
obtained the workability can be assessed quite satisfactorily by an 
experienced mixer operator, with periodic control tests of the 
workability. However, human error will inevitably result in some 
variation in the water – cement ratio either side of the desired value. 
       Any variation in mix proportion or significant changes in the 
aggregate grading will affect the quantity of water needed to maintain 
the required workability and this too will result in variation in the 
water – cement ratio and hence in concrete strength [21]. 
 
3-1-5 Compressive strength: 
            The compressive strength of concrete is taken as the maximum 
compressive load it can carry per unit area.  
Concrete strength of up to 80N/mm-2 can be achieved by selective use of 
the type of cement, mix proportion, method of compaction and curing 
conditions. Concrete structures, except for road pavement, are normally 
designed on   by steel reinforcement.  
In the United Kingdom a 150 mm cube is commonly used for 
determining the compressive strength. The test specimen should be cured 
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in water and crushed immediately after it has been removed from the 
curing tank [21]. 
The compressive strength of concrete is primarily dependent on the 
following: 
1- Curing: duration, moisture content, temperature. 
2- Age at testing. 
3- Shape and size of specimen (cub or cylinder). 
Testing procedure (applied load rate & moisture condition).  
 4- Compressive strength is considered as an index to assess the overall 
quality of concrete and it is generally assumed that an improvement in the 
compressive strength results in improvement of all other properties. 
Hence strength investigations are generally centered on compressive 
strength [1]. 
3-1-6 Workability:  
The ease of placing, consolidating, and finishing freshly mixed 
concrete and the degree to which it resists segregation is called 
workability. Concrete should be workable but the ingredients should not 
separate during transport and handling. 
The degree of workability required for proper placement of 
concrete is controlled by the placement method, type of consolidation, 
and type of concrete. Different types of placements require different 
levels of workability. 
Factors that influence the workability of concrete are: 
 (1) The method and duration of transportation. 
(2) Quantity and characteristics of cementitious materials. 
(3) Concrete consistency. 
(4) Grading, shape, and surface texture of fine and coarse aggregates. 
(5) Entrained air. 
(6) Water content and water – cement ratio. 
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(7) Concrete and ambient air temperatures. 
(8) Admixtures.  
A uniform distribution of aggregate particles and the presence of 
entrained air significantly help control segregation and improve 
workability.  Properties related to workability include consistency, 
segregation, mobility, pumpability, bleeding, and finishability. 
Consistency is considered a close indication of workability. Slump 
is used as a measure of the consistency or wetness of concrete. A low-
slump concrete has a stiff consistency. The consistency is too dry and 
harsh, the concrete will be difficult to place and compact and larger 
aggregate particles may separate from the mix. 
However, it should not be assumed that a wetter, more fluid mix is 
necessarily more workable. If the mix is too wet, segregation and 
honeycombing can occur .The consistency should be the driest 
practicable for placement using the available consolidation equipment. 
[22]. 
 
3-1-7 Water: 
Almost any natural water that is drinkable and has no pronounced 
taste or odor can be used as mixing water for making concrete. Excessive 
impurities in mixing water not only may affect setting time and concrete 
strength, but also may cause efflorescence, staining, corrosion of 
reinforcement, volume instability, and reduced durability. 
* (Water that is safe to drink is safe to use in concrete) [21]. 
 
3-1-8 Water – cement ratio:  
          Water cement ratio gives the compressive strength of concrete 
at a given age. The lower the water – cement ratio, the greater is the 
compressive strength and vice versa [20]. 
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3-2 Mixes Proportions  
Reference mix with super plasticizer 1litter/100kg cement 
 
Characteristic strength:    specified      40 N/mm2 at 28 days. Proportion 
defective percent=5% 
Standard deviation:          Fig 3                           8  N/mm2  
Margin                               C1                           1.64 * 8 = 13 N/mm2 
Target mean strength         C2                            50 + 13 =53 N/mm2 
Cement type                  Specified                     (OPC) 
Aggregate type:            coarse crushed 
  
Aggregate type:             fine Uncrushed 
Free-water/cement ratio     Table 2  Fig 4 = 0.48 
Slump                               Specified            (   30 – 60 mm ) 
Maximum aggregate size Specified                 20 mm 
 Free- water content            Table 3             210 kg /m3. 
Cement content                C3     210/ 0.48 =  438  Kg / m3. 
 
Relative density of aggregate                        2.7  Known/assumed 
Concrete density                        Fig 5          2400 Kg/m3 
Total aggregate content              C4       2400 – 210 – 438 = 1752 kg / m3. 
Proportion of fine aggregate       Fig 6              34 percent 
Fine aggregate content                           0.34 * 1752  =   596  kg / m3. 
coarse aggregate content                       1752 – 596  =   1156 kg / m3. 
Quantities per m3 : 
Cement (kg) Water (kg) 
Fine aggregate 
(kg) 
Coarse aggregate 
(kg) 
438 210 596 1156 
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Mix proportion of silica fume: 
Type of 
concrete 
Mix 
Designation 
SF cement 
ratio % SP content 
unmodified SF-0%+SP 0 
1.3/100kg 
cement 
SF-5%+SP 5 
1.3/100kg 
cement 
modified 
SF-7%+SP 7 
1.3/100kg 
cement 
 
Mix proportion of GGBS: 
Type of 
concrete 
Mix 
Designation 
GGBS cement 
ratio % SP content 
unmodified GGBS-0%+SP 0 
1.3/100kg 
cement 
modified GGBS 50%+SP 50 
1.3/100kg 
cement 
 
 
 
3-2-1 Experimental program: 
In this study concrete which has high grade is used. Beside the 
ordinary reference mixes, chemical and mineral admixtures are used in 
this study. 
The study covered the following phases: 
3-2-2 Preliminary tests :  
1- standard tests of cement : 
• Setting time test (initial & final setting time). 
• Compressive strength test. 
2- standard tests for fine aggregate : 
• sieve analysis  
• silt content  
35 
 
3-2-3 Testing program: 
          In this study the testing program as follow: 
1- Carry out the standard tests for materials (ordinary Portland 
cement, find aggregates) which brought from the known sources in 
Khartoum state. 
2- Design concrete mixes for w/c ratio 0.48 with chemical admixture 
(Super plasticizer) (1.3litters/100Kg cement) to achieve high 
strength concrete with high workability. 
3- Making trials mixes for the designed mixtures above by using 
additive to obtain the required workability. 
4- Measuring the workability (slump test) for each mixtures 
(modified & unmodified). 
5- Casting  nine cubes for unmodified mixes and  nine  cubes for each 
mix containing super- plasticizer, silica fume and (GGBS) ,and 
testing their compressive strength at the age 3, 7 and 28 days,   
6- Casting twelve cubs ,three cubs for unmodified mixes and three 
cubs for each mix containing  super- plasticizer, silica fume and 
(GGBS) ,and testing their permeability 
7- All specimens cured in fresh potable water. 
8- Analyzing the results and recording notifications.     
             
[I] compressive strength test: 
 
This test is used to determine the compressive strength of a 
concrete cube, which has usually been made from fresh concrete cast in a 
standard test mould. The value of compressive strength can then be used 
to assess whether the batch that the concrete cube represents meets the 
curing which immersed in normal water for a period   3, 7,   28 and 56 
days, then the cube is crushed at a stated constant speed until it can 
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sustain no further increase in load. The strength is then derived by 
calculation using the maximum load and cubs dimensions. 
Example of standard specimen are: 
     (1)- 150mm cub – BS1881: sections 108 and 116 
        (Also SABS standard method 863)         
     (2)- 300mm high, 150mm diameter cylinder – ASTM standard C39 
[II]Absorption : 
 
              Three samples (cubes) were made from four mixes unmodified 
(SF & GGBS) -0%, modified SF- (5% & 7%) and GGBS – 50%. The 
produced specimens were dried until the mass became constant (WO). 
Then the specimens were immersed in clean water at 28 days. After the 
desired immersion period had passed, the specimens were taken out and 
the surfaces were wiped quickly with wet cloth and then weighted (w1) 
immediately. From the flowing formula the rate of water absorption was 
calculated. 
Water absorption (%) =   {(W1 – WO)/WO} *100. 
The mean of three values was used. 
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Chapter four  
The Results and Discussion 
  
4.1 Results  
  
  
4.1.1 Preliminary Tests : 
  
The results of cement tests are shown in table (4-1)   
  
Table (4.1): Results of cement Test  
  
Requirements of BS 12  1996  
  
Results  Test  
  29.0%  Consistency  
  
    Setting Time
  
Not less than 60 min (-15 min) 
  
2 hrs 
  
a) Initial 
  
Not more than 10 hrs.  
  
 hrs: 45 min2  b)  Final          
    Compressive strength 
  
  a) 2  days
  
20.1 N/mm2 1  
20.7 N/mm2 2  
Equal or Greater than 10 N/mm2 
   
19.5 N/mm2  3  
  b) 28 days
  
45.6  N/mm2  1  
47.1 N/mm2 2  
Equal or greater than  
 42.5 N/mm2 
  
48.2 N/mm2  3  
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Table (4-2): Fine Aggregate Sieve Analysis 
  
  
BS Zone 2  
BS 882     
Percentage 
Passing    
Percentage 
retained     
Retained (g)  Sieve No 
mm 
100  100 0 0 10 
89-100 98.8 1.2 6.2 5 
65-100  96.61 3.59 18.5 2.36 
45-100  80.68 19.32 99.6 1.18 
25-80  42.7 57.30 295.3 0.6 
5-48  14.86 85.14 438.8 0.3 
0-5  0.65 99.36  512.1 0.15 
 
0  0  100 515.4 Total weight 
  
  
  
  
  
  
Silt content: 
        Silt content in fine aggregate should not be more than 3% of the total 
weight of sand according to the (BS882) [23]. Sample of sand weighted 
and washed and after that dried in furnace and the percentage of loss 
weight calculated, found the silt content in fine aggregate about 1%.  
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Table (4-3) Results of compressive strength for control mix  
(w/c = 0.48) 
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
Ultimate 
Load 
kN)( 
Weight 
of cube
(kg)  
Slump
(mm) 
Age Type and 
doses of 
additive 
37.71848.488.282
39.13880.48.300
37.58  
  
 35.89807.58.286
3 days Dosage(0)
48.071081.588.266
39.85896.68.316
45.86 
49.661117.48.394
 Days7 Dosage(0) 
55.591250.78 8.362
60.231355.188.394
55.42 
50.431134.78.478
25mm 
 
28days Dosage(0) 
 
  
  
Table (4-4) Results of compressive strength modified by  
(Silica fume 5% +1.3 lit/100 kg SP)   
 
Mean 
Compressive 
strength N/mm2)( 
Compressive 
strength 
N/mm2)( 
Ultimate 
Load 
kN)( 
Weight 
of cube
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
48.79 1097.7 8.638 
46.95 1056.4 8.692 
47.7  
47.22 1062.5 8.622 
3 days Dosage 
(5%)
+ 1.3SP
58.7 1320.9 8.746 
57.32  1289.7 8.830 
56.8 
54.49 1226 8.744 
 Days7 Dosage 
(5%)
+ 1.3SP 
66.68 1501.1 8,668 
66.7 1509.8 8.822 
66  
64.65 1454.8 8.618 
185mm
 
 
28days Dosage 
(5%)
+ 1.3SP 
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Table (4-5) Results of compressive strength modified by  
(Silica fume 7% +1.3lit/100 kg SP) 
 
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
Ultimate 
Load 
 kN )( 
Weight 
of cube
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
56.08 1262  8.682 
54.32 1222.2 8.634 
54.9 
54.17 1218.8 8.756 
3 days Dosage (7%)
+1.3 SP 
60.96 1365.5 8.676 
60.22 1355 8.662 
59.96 
58.7 1320.9 8.668 
 days7 Dosage (7%)
+ 1.3SP 
68.58 1543.2 8.628 
71.05 1598.6 8.738 
70.4 
71.47 1608.2 8.638 
 
190mm
28day
s 
Dosage (7%)
+ 1.3SP 
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Table (4-6) Results of compressive strength modified by   
(GGBS 50% +1.3lit/100kg SP)   
  
  
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
Ultimate
Load 
kN)( 
Weight 
of cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
26.25 590.8 8.552 
27.78 624.8 8.446 
27.11 
27.30 614.1 8.486 
3 days  Dosage(50%) 
+1.3 SP  
36.18 814.3 8.464 
35.33 795 8.318 
35.9 
36.14 813.2 8.394 
days7  Dosage(50%) 
+1.3 SP  
59.1 1329.8 8.478 
50.25 1130.6 8.488 
55.61 
57.5 1293.9 8.634 
 
 
 
 
200mm
28days Dosage(50%) 
+ 1.3SP  
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Table (4-7) Results compressive strength developments at 3 days 
(Silica fume + 1.3lit /100kg SP) 
  
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
ultimate
Load 
kN)( 
Weight 
of cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
37.71 848.48 8.282 
39.13 880.4 8.300 
37.58  
35.89 807.5 8.286 
25mm days3Dosage(0) 
48.79 1097.7 8.638 
46.95 1056.4 8.692 
47.7  
47.22 1062.5 8.622 
185mmdays3 Dosage (5%)
+1.3SP  
56.08 1262  8.682 
54.32 1222.2 8.634 
54.9  
54.17 1218.8 8.756 
190mm3days Dosage (7%)
+1.3 SP  
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Fig(4-1)Results compressive strength developments 
at 3 days (Silica fume + 1.3SP)
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Table (4-8) Results compressive strength developments at 7 days 
(Silica fume + 1.3 lit /100 kg SP) 
  
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
Ultimate 
Load 
kN)( 
Weight 
of cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
48.07 1081.58 8.266 
39.85 896.6 8.316 
45.86  
49.66 1117.4 8.362 
25mm  7 
days  
Dosage(0) 
58.7 1320.9 8.746 
57.32 1289.7 8.830 
56.8  
54.49 1226 8.744 
185mm  days7 Dosage (5%)
+1.3 SP  
60.96 1365.5 8.676 
60.22 1355 8.662 
59.96  
58.7 1320.9 8.668 
190mm  7days Dosage (7%)
+1.3 SP  
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Fig(4-2)Results compressive strength 
developments at 7 days (Silica fume + 1.3 SP)
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Table (4-9) Results compressive strength developments at 28 days 
(Silica fume + 1.3 lit/100kg SP)  
  
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
ultimate
Load 
kN)( 
Weight 
of cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
55.59 1250.78 8.362 
60.23 1355.18 8.394 
55.42  
50.43 1134.7 8.478 
25mm  28days  Dosage(0) 
66.68 1501.1 8.668  
66.7 1509.8 8.822 
66  
64.65 1454.7 8.618 
185mm 28days 
  
Dosage (5%)
+ 1.3SP  
68.58 1543.2 8.628 
71.05 1598.6 8.738 
70.4  
71.47 1608.2 8.638 
190mm 28days  Dosage (7%)
+1.3 SP  
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Fig(4-3)Results compressive strength developments 
at 28 days (Silica fume + 1.3 SP)
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Table (4-10) Results compressive strength developments at 3 days 
(GGBS+1.3lit/100kg SP) 
 
                    
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
Ultimate 
Load 
kN)( 
Weight 
of cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
37.71 848.48 8.282 
39.13 880.4 8.300 
37.58  
35.89 807.5 8.286 
25mm3days  Dosage(0) 
26.25 590.8 8.552 
27.78 624.8 8.446 
27.11  
27.30 614.1 8.486 
200mm3 Days 
  
Dosage 
(50%) 
+ 1.3SP  
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Fig(4-4)Results compressive strength developments at 3 days 
(GGBS + 1.3 SP)
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Table (4-11) Results  compressive strength developments at 7 days 
 (GGBS + 1.3lit/100kg SP) 
 
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
Load 
kN)( 
Weig
ht of 
cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
48.07 1081.58 8.266
39.85 896.6 8.316
45.86  
49.66 1117.4 8.362
25mm  7days  Dosage(0) 
36.18 814.3 8.464
35.33 795 8.318
35.9  
36.14 813.2 8.394
200mm 7 days 
  
Dosage 
(50%) 
+1.3SP  
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Fig(4-5)Results  compressive strength 
developments at 7 days (GGBS + 1.3 SP)
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Table (4-12) Results compressive strength developments at 28 days 
(GGBS + 1.3lit/100kg SP) 
 
Mean 
Compressive 
strength 
N/mm2)( 
Compressive 
strength 
N/mm2)( 
ultimate
Load 
kN)( 
Weight 
of cube 
kg)( 
Slump
(mm) 
Age Type and 
doses of 
additive 
55.59 1250.788.362 
60.23 1355.188.394 
55.42  
50.43 1134.78.478 
25mm  28days  Dosage(0) 
59.1 1329.8 8.478 
50.25 1130.6 8.488 
55.61  
57.5 1293.9 8.634 
200mm 28days  
  
Dosage 
(50%) 
+1.3 SP  
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Fig(4-6)Results compressive strength developments 
at 28 days (GGBS + 1.3 SP)
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Table (4-13)Compressive strength development with time 
for mixes by using (SF+1.3lit/100kg SP) 
  
7%SF+ SP 5% SF+ SP 0% dosage 
Increase % Strength Increase%  Strength  Strength  
Time (days) 
46 % 54.9 27 % 47.7 37.58 3 
30.7% 59.96 24 % 56.8 45.86 7 
27 % 70.4 19 % 66 55.42 28  
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Fig(4-7 ) changes in compressive strength values 
with time using the dosages of (SF)
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Table (4-14)Compressive strength development with time 
for mixes by using (GGBS+1.3lit/100kg SP)  
  
50% GGBS + SP 0% dosage  
Decrease % Strength  Strength  
Time (days) 
27.9 % 27.11 37.58 3 
21.7 % 35.9 45.86 7 
0 % 55.61 55.42 28 
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Fig(4-8)changes in compressive strength values 
with time using the dosages of (GGBS)
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Table (4-15) Result of Absorption after 28 days: control mix 
 
AbsorptionDifferences  Final weight Initial 
weight 
Element 
0.075 8.239 8.164 Cub(1) 
0.065 8.265 8.200 Cub(2) 
0.080 8.097 8.017 Cub(3) 
0.89 
0.073  8.127 Mean weight 
  
  
  
Table (4-16) Result of Absorption after 28 days modified by 5% SF 
  
AbsorptionDifferences Final weight Initial 
weight 
Element 
0.027 8.185 8.158 Cub(1) 
0.025 8.223 8.198 Cub(2) 
0.024 8.202 8.178 Cub(3) 
0.30 
0.025   8.178 Mean weight 
  
  
 Table (4-17) Result of Absorption after 28 days 
Modified by 7% SF  
  
AbsorptionDifferences Final weight Initial 
weight 
Element 
0.019 8.295 8.276 Cub(1)
0.018 8.338 8.320 Cub(2)
0.024 8.305 8.281 Cub(3)
0.24
0.020 -  8.292 Mean weight
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Fig (4- 9)Result of Absorption after 28 days by using (SF)
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Table (4-18) Result of Absorption after 28 days: control mix 
  
  
AbsorptionDifferences  Final weight Initial 
weight 
Element 
0.075 8.239 8.164 Cub(1) 
0.065 8.265 8.200 Cub(2) 
0.080 8.097 8.017 Cub(3) 
0.89 
0.073  8.127 Mean weight 
  
  
  
 
 
Table (4-19) Result of Absorption after 28 days  
Modified by 50% GGBS  
  
AbsorptionDifferences Final weightInitial 
weight 
Element 
0.026 8.270 8.244 Cub(1)
0.022 8.312 8.290 Cub(2) 
0.024 8.288 8.264 Cub(3) 
0.29 
0.024   8.266 Mean weight 
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Fig (4- 10) Result of Absorption after 28 days by using (GGGBS) 
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Table (4-20) absorption development with time by using (SF+SP)  
  
7% dosage 5%dosage 0%dosage  
Decrease Absorption Decrease Absorption Absorption  
Time 
(days) 
73% 0.24 66% 0.30 0.89 28 
  
  
  
Table (4-21) absorption development with time by using (GGBS+SP)  
  
  
50%dosage 0%dosage 
decrease Absorption  Absorption  
Time (days) 
67% 0.29 0.89 28 
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Fig(4-11 ) Changes in absorption values with time using the 
admixture (SF & GGBS)
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4-3 Discussions 
4-3-1 Preliminary results and observations:  
 Tests were carried out to ensure that the main constituents of concrete    
(cement & aggregates), are adequate and conforming with the 
requirements of the standards. 
I. Cement :  
Setting time and compressive strength tests were carried out. In the 
setting time test the quantity of water necessary to produce a paste of 
normal consistency is 29% by weight of cement. 
The initial and final setting time results as compared with BS 12 1996 
specification are shown in Table (4.1). Also results compressive strengths 
of cement mortar cubes and carried out after 2 and 28 days are shown. 
Note that the cement is satisfying the overall limits 
II. Aggregates : 
Tests were undertaken to study the suitability of aggregate for concrete 
making. Sieve analysis was done according to BS 812 and 882:1992. 
Results for fine aggregate presented in Table (4.2) . 
Note that the fine aggregate grading is satisfying the overall limits.  
4-3-2 workability :                                                           
The slump test was used as a measure of consistency when admixtures 
were used with ordinary reference mix having w/c ratio 0. 48. Slumps of 
ordinary reference mix 25mm presented in table (4-3) .Slumps of mixes 
containing (5%  & 7% SF+ SP ) are 185mm and  190mm respectively. 
Slumps of mix containing (50%GGBS + SP) is 200mm.The observed 
workability of mix containing admixtures was much higher than that of 
the ordinary reference mix.  
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4-3-3  compressive Strength:  
The OPC replaced by silica fume (SF) and ground granulate blast- 
furnace slag (GGBS) to presents a laboratory investigation on the 
compressive strength of concrete. 
The experimental results in table (4-7) and fig (4-1) indicate that the three 
days compressive strength increases as the dosage of silica fume. 
Addition of 5% silica fume increase the three days compressive strength  
from 37.58 N/mm2 to 47.7 N/mm2 ( 27%) from the reference concrete, but 
further increase of silica fume from 5% to 7%  SF increase the three days 
compressive strength only from 37.58 N/mm2  to 54.9 N/mm2  (46%).  
The experimental results in table(4-8)and fig (4-2) indicate that the 7 days 
compressive strength also increases as the dosage of silica fume , the 
percentage is (24 % ) from the 0% dosage to the 5% SF and (30.7 %  ) 
from the 0% dosage to the 7% SF. 
 The experimental results in table (4-9)and fig (4-3 ) indicate that  the 28 
days compressive strength increased from 55.42 N/mm2 to 66 N/mm2 (19 
%) due to addition of 5% SF and from 55.42 N/mm2 to 70.4 N/mm2 (27 
%) due to addition 7% SF. 
Also the experimental  results in table (4-10) and fig (4-4 ) indicate that 
the addition of 50%  (GGBS) decrease the three days compressive 
strength from 37.58 N/mm2 to 27.11 N/mm2 (27.9 % ) . 
The experimental  results in table (4-11) and fig (4-5) indicate that the 
addition of 50%  (GGBS) decrease the 7 days compressive strength from 
45.86 N/mm2 to 35.9  N/mm2   (21.7 % ) . 
The experimental results in table (4-12) and fig (4-6) indicate that the 
addition of 50%  (GGBS)  demonstrated that the 28-days strength was 
very similar to that of OPC concrete, 55.42 N/mm2 for OPC concrete and 
55.61N/mm2 for 50% (GGBS). 
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4-3-4 Absorption : 
Because of small particles size , the silica fume (SF) and ground granulate 
blast – furnace slag (GGBS) admixtures particles occupies the voids 
between the cement grains, acting as a filler and  reducing the porosity. 
The experimental  results in table (4-13) and fig (4-9) indicate that the 
addition of 5% (SF) decrease the water absorption of concrete from 0.89 
for unmodified concrete  to 0.30 for modified concrete (66 %).  
Also the experimental results in table (4-14) and fig (4-9) indicate that the 
addition of 7% (SF) decrease the water absorption from 0.89 for 
unmodified concrete  to 0.24 for modified concrete (73 %).  
 The experimental  results in table (4-15) and fig (4-10) indicate that the 
addition of 50% (GGBS) decrease the water absorption of concrete from 
0.89 for unmodified concrete  to 0.29 for modified concrete (67 %).  
 
 
 
 
 
68 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER FIVE 
 
CONCLUSIONS AND 
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Chapter five 
Conclusions and recommendations 
 
5-1Conclusions: 
On the bases of the results and discussions in Chapter (4) the following 
conclusions and recommendations are made: 
1- Good concrete can be produce with available material in the Sudan. 
2- Using super plasticizer admixtures increases workability without 
adding extra water. 
3- Addition of combined silica fume(SF) and super plasticizer(SP423) 
     Increases the 3 , 7 and 28 days compressive strength of concrete. 
4- Addition of silica fume affects more at early strength. 
5- Addition ground granulate blast – furnace slag (GGBS) and super 
plasticizer (SP423) decrease the 3 and 7 days compressive strength, 
but at  28-days compressive strength was very similar to that of OPC 
concrete. 
6- Addition (GGBS) affects more at long- term compressive strength . 
7- In this study the variable selected for evaluation is the dosage rate of 
micro silica and GGBS. 
8- The results of this evaluation indicate that the inclusion of micro silica 
(SF) in Portland cement concrete mix can improve compressive 
strength and decrease permeability. 
9- Also the results of this evaluation indicate that the inclusion of   
ground granulate blast-furnace slag (GGBS) decrease the compressive 
strength at early age (3 &7 days) strength, but 28-days strength was very 
similar to that of OPC concrete. 
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11-The addition of 5% silica fume (SF) reduces the water permeability by 
about (66%) of that reference mix. 
12-The addition of 7% silica fume (SF) reduces the water permeability by 
about (73%) of that reference mix. 
13- The addition of 50% (GGBS) reduces the water permeability by 
about (67%) of that reference mix . 
5-2 Recommendations for future research: 
1- Further research should be conducted to study the effects of  SF 
and GGBS on the concrete properties. 
2- It highly recommended that more studies has to be carried on effect 
of using super plasticizer, silica fume and GGBS in the reducing 
the impact of aggressive environment of Sudan. 
3- More studies has to be carried for other percentage of silica fume 
and GGBS less and more than that percentage which are used in 
this study. 
4- Further research should be conducted on different percentage of 
GGBS for  90, 180 days and one year to study the effect of GGBS 
on long term concrete properties (strength , durability , 
permeability , shrinkage …etc.     
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Appendix (A): Tables and charts for mix design 
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APPENDIX (B) 
Conplast  SP423: 
  Workability retention super plasticiser  
Uses: 
Gives increased working life to fresh concrete1 
2- Increases workability without extra water, reducing placing    
3- Improves cohesion, minimizing segregation and improving 
surface finishing  
4- Aids pumping by improving cohesion and reducing 
workability loss 
5- Allows a reduction in water: cement ratio, enhancing 
durability by reducing low permeability concrete with reduced 
shrinkage cracking potential  
6- Can be used with concrete containing micro silica and other 
cement replacement  
Standards compliance: 
Conplast sp423 conforms with BS5075 part 3 and ASTM C494 
as Type G. 
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Description: 
        Conplast sp423 is a chloride free workability retention 
admixture based on selected synthetic polymers. It s supplied as 
a brown solution which instantly disperses in water. 
Conplast sp423 disperses the fine particles in the concrete mix 
enabling the water content of the concrete to perform more 
effectively. The increased workability, cohesion and retardation 
minimizes loss of workability. 
Technical support:  
Fosroc provides a technical advisory service foe one sit 
assistance and advice on mix design , admixture selection 
evaluation trials and dispensing equipment. 
Dosage:  
The optimum dosage of Conplast sp423 to meet specific 
requirements should always be determined by trials using the 
materials and conditions that will be experienced in use. The 
normal dosage range is 0.6 to 1.5 liters / 100 kg of cementitious 
material , including PFS , GGBS and micro silica.  
Use at other dosage: 
Dosage outside the typical range quoted above may be used if 
necessary and suitable to meet particular mix requirements. 
Contact Fosroc for advice in these cases.  
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Effects of overdosing:  
An overdose of double the amount of conplast SP423 will result 
in a significant increase in retardation as compared to that 
normally obtained . Provided that adequate curing is maintained 
,the ultimate strength of the concrete will not be impaired by 
increased retardation and will generally be increased. The 
effects of overdosing will be further increased if sulphate 
resisting cement or cement replacement materials are used . 
Overdosage is also likely to cause increased air entrainment, 
which will tend to reduce strength. The degree of this effect will  
depend on the particular mix design and overdose level .  
Properties: 
Brown liquid Appearance 
Typically 1.175 at 30 CSpecific gravity
Nil to BS 5075Chloride content
Typically less than 50.0 Na2O
equivalent /liter of admixture .A 
fact sheet on this subject is 
available 
Alkali content
 
Instructions for use: 
Mix design for workability retention 
The mix design should be one suitable  for use as a pump mix . To obtain 
the best results for workability retention, the initial workability should be 
above   150mm slump. The retardation and improved cohesion provided 
by conplast SP423 then act to enhance the workability retention 
characteristics. Advice on mix design for flowing concrete is available 
from fosroc .In correctly designed flowing concrete, the improved 
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dispersion of the cement particles and the more efficient use of mixing 
water will improve mix cohesion .The improved cohesion obtained with 
conplast SP423 will also help to minimize bleed and segregation. After 
initial trials, minor modifications to the mix design may be made to 
optimize performance.  
Compatibility: 
Conplast SP423 is compatible with other fosroc admixtures used in the 
same concrete mix. All admixtures should be added to the concrete 
separately and must not be premixed together prior to addition . The 
resultant properties of concrete containing more than one admixture 
should assessed by the trial mixes.  
Conplast SP423 is suitable for use with all types of  Portland cements and 
cement replacement materials such as PFA , GGBS and micro silica. 
The use of combination of admixtures in the same concrete mix and or 
cement replacement may alter the setting time . Trials should always be 
conducted to determine such setting times.  
Dispensing:  
The correct quantity of conplast SP423 should be measured by means of a 
recommended dispenser . Normally ,the admixture    should then be added 
to the concrete with the mixing water to obtain the best  results. Contact 
fosroc for advice regarding suitable equipment and its installation. 
Estimating – packaging :   
Conplast SP423 IS available in 210 liter drums and bulk supply. For 
larger users , storage tanks can be supplied.  
Storage: 
              Conplast SP423 has a minimum shelf life of 12 months provided 
the temperature is kept with in the range of 2C to 50 C should the 
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temperature of product fall outside this range contact Fosroc for advice is 
necessary .  
Freezing point : Approximately -4 C 
Precautions:   
Health and safety 
Conplast SP423 dose not fall in to the hazard classifications of current 
regulations (see notes 1 and 2 below). However ,it should not be 
swallowed or allowed to come in to contact with skin and eyes.  
Suitable protective gloves and goggles should be worn . Splashed on the 
skin should be removed with water . In case of contact with eyes , rinse 
immediately with plenty of water and seek medical advice . If swallowed 
seek medical attention immediately – do not induce vomiting.  
For further information consult the  materials safety data sheet available 
for this product.  
Cleaning and disposal:   
Spillages of conplast SP423 should be absorbed on to sand , earth or 
vermiculite and transferred to suitable containers. Remnants should be 
hosed down with large quantities of water. The disposal of excess or 
waste material should carried out in accordance with local legislation 
under the guidance of the local waste regulatory authority. 
Note 1: CPL Regulation 1984 Supply – Schedule 1 
Note 2: HSE publication Guidance Note EH40  
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Appendix(C): Pictures 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
 
 
 
 
Ground  Granulated  Blast – Furnace  Slag (GGBS)  
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Cube Specimens  without admisxture 
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Cube Specimens  with  5%  (SF) + SP423  
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Cube Specimens  with 7%  (SF) + SP423 
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 Cube Specimens  with  50%  (GGBS) + SP423 
  
  
  
  
